Introduction
Mung bean (Vigna radiate L.) is widely consumed in Korea in the form of starch noodles, mung bean sprouts, soup, pancakes, flour paste, and starch gel (1) (2) (3) . Mung bean starch (MS) has a high amylose level of 33-35% and long amylose chains with an amylopectin structure (4) . These features affect mung bean starch gels (MSGs), which exhibit a translucent appearance and resistance to shearing upon heating (5) . Park et al. (1) reported that starch purified from hulled mung beans using distilled water instead of an alkaline solution improved textural properties of gels. Hulled mung bean starchs (HMS) purified using distilled water had higher resilience (bending property) and hardness than HMS purified using an alkaline solution because starch granule-associated protein forms a composite network with HMS that fabricates a gel structure and thermoplastics in a bi-continuous phase (6, 7) . MS has unique characteristics of a low glycemic index, a potentially high RS level due to a high MS amylose content, and a molecular structure of amylopectin (7) .
Traditionally, the Korean traditional starch gel Cheongpomuk has been made from precipitates containing starch purified from whole mung bean (WM) seeds. Cheongpomuk is an ingredient of Korean traditional Tangpyeongchae that is made via mixing Cheongpomuk, watercress, beef, red pepper, and broiled laver with vinegar sauce. White Cheongpomuk, a type of Tangpyeongchae, was developed from hulled mung bean (HM) in the Lee Dynasty (8).
Mung bean hulls contain health-functional biomaterials with high anti-oxidative activities and dietary fiber levels (2, 9) . Therefore, Tangpyeongchae with mung bean hulls will be healthier and, thereby, catch world attention to Korean traditional foods following the global trend of consumption of food containing health-functional biomaterials. For improvement of the health functionality of Cheongpomuk, MSGs should be developed using crude starch isolated from WM. Therefore, the objective of this study was comparison of anti-oxidant activities of MSGs prepared from starches purified from WM and HM seeds using water to increase the health-functional properties of Korean traditional MSGs.
Materials and Methods
Materials The high yielding Korean mung bean cultivar Dahyeon was provided by Jeonnam Agricultural Research and Extension Services in Naju-si, Jeonnam Province in 2011. For analysis of antioxidant activities, 1,1-diphenyl-2-picrylhydrazyl (DPPH), 2,2'-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTs), trichloroacetic acid (TCA), quercetin, and butylated hydroxytoluene (BHT) were purchased from Sigma-Aldrich Chemical Co., (St. Louis, MO, USA). Gallic acid and L-ascorbic acid were purchased from Yakuri Pure Chemicals Co., Ltd, (Kyoto, Japan) and Junsei Chemical Co., Ltd, (Tokyo, Japan), respectively. Ethanol, sodium carbonate, and sodium hydroxide were purchased from Daejung Chemical (Siheung, Korea), Folin-Ciocalteau reagent and aluminium chloride were purchased from Junsei Chemical Co., Ltd., and trichloroacetic acid and ferric chloride were purchased from Sigma-Aldrich. Sodium nitrite, phosphate buffered saline (pH 7.4), and potassium ferricyanide were purchased from Kento Chemical Co., Inc, (Tokyo, Japan), Gibco Chemical (New York, NY, USA) and Duksan Pure Chemicals Co. Ltd., (Ansan, Korea), respectively.
Starch preparation Starch was isolated from WM and HM seeds using water following a method modified from Qian and Shin (3). WM seeds were soaked for 20 h at 23 o C, and mung beans were hulled manually. WM and HM seeds were ground using a food mixer (DA3000-A; Daesung Artlon, Paju, Korea) for 2 min, then the process was repeated. A blend of the 2 runs was passed through a 100 mesh sieve, then the residue was mixed with distilled water and blended twice more, collected, and centrifuged (VS-21 SMT; Vision Scientific Co., Ltd., Seoul, Korea) at 1,100×g for 10 min. Purified WM and HM starches were dried at 23 o C, ground using a mixer (Daesung Artlon), then passed through a 100 mesh sieve prior to storage in a desiccator for subsequent use.
Preparation of mung bean starch gels MSGs were made using a Rapid Visco-Analyzer (RVA model 3D; Newport Scientific Pty, Ltd., Warriwood, Australia). After pasting, 10.7% w/w starch pastes with 14% moisture were used for analysis. Pastes were poured into a f= 1.8x1.5x1.5 cm stainless steel column placed on a Petri dish without an air bubble. Thereafter, columns were sealed with a glass plate. After cooling at 23 o C and removal of starch gels from columns, gels were freeze-dried (FD5510; Ilshin Lab Co., Ltd., Dongducheon, Korea) at −80 o C, after which gels were ground using a mixer and passed through a 100 mesh sieve prior to storage in a desiccator for subsequent use.
Preparation of extracts MS and MSG were extracted using 80% ethanol at room temperature. Dehydrated MS and MSG powders (5 g, dry basis) were added to 20 mL of an 80% ethanol solution and the mixture was shaken every 10 min. After 1 h, supernatants were collected, and 10 mL of 80% ethanol was added to MS and MSG residues. The extraction process was repeated 3x, and all supernatants were filtered using a Büchner funnel with Whatman No. 2 filter paper. Extract volumes from MS and MSG powders were adjusted to 50 mL using 80% ethanol and stored at 4 o C in a laboratory refrigerator (Dahan Labtech Co., Ltd., Namyangju, Korea) prior to use.
Chlorophyll Chlorophyll contents of MS and MSG powders were measured following the method of Zarco-Tejada et al. (10). Chlorophyll spectra of extracts were measured between 400 and 700 nm using a spectrophotometer (Optizen Pop; Mecasys Co., Ltd., Daejeon, Korea). Absorbance values were measured at 663.8 and 646.8 nm using a spectrophotometer, and concentrations of chlorophyll a and chlorophyll b were calculated as: Total phenolic compounds Total phenolic compound contents of MS and MSG extracts were determined following a modification of the Jin et al. (11) method. MS and MSG extracts (0.2 mL) were mixed with 0.8 mL of distilled water, then 0.1 mL of Folin-Ciocalteau reagent and 1 mL of 7% sodium carbonate were added, followed by mixing and standing for 1 h. The absorbance value was measured at 716 nm using a spectrophotometer, and total phenolic contents were expressed as mg of gallic acid equivalents (GAE) per g of MS.
Total flavonoids Total flavonoid contents were determined following the method of Jin et al. (11) . Briefly, 2 mL of diluted MS and MSG extracts and 0.3 mL of a 5% sodium nitrite solution were mixed. A 10% AlCl 3 solution (0.3 mL) was added after 5 min and 2 mL of 1 M NaOH was added after one min. Absorbance values were measured using a spectrophotometer at 510 nm. Total flavonoid contents were expressed as mg of quercetin per g of MS.
Analysis of anti-oxidant activities Free radical scavenging activity assay: The DPPH radical scavenging activity was determined following the methods of Lee et al. (12) and Oh et al. (13) . A DPPH solution (2.1 mL) was added to 1.9 mL of an extract sample followed by vigorous shaking and standing for 30 min at room temperature. DPPH radical scavenging activities of extract samples were calculated based on absorbance values at 517 nm determined using a spectrophotometer. ABTs: The 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid diammonium salt radical scavenging activity was determined following the procedure reported by Re et al. (14) . ABTs radicals were formed after mixture of a 7 mM ABTs radical cationic solution (10 mL) with 2.45 mM potassium persulfate (5 mL) and standing for 24 h in the dark. ABTs solutions (v:v=48.5:1.5) were obtained based on dilution of a mixture in phosphate buffered saline (PBS) at pH 7.4. Fifty mL was then mixed with 1,950 mL of an ABTs radical solution and incubated in a 37 o C water bath for 10 min. ABTs radical scavenging activities were calculated based on absorbance values at 734 nm determined using a spectrophotometer. DPPH and ABTs free radical scavenging activities were expressed as percentages of activities corresponding to 0.001% ascorbic acid and 0.01% BHT, respectively. Reducing ability: Reductive potentials of extracts were measured following the Lai et al. (9) method with modification. Extract samples (1 mL), 1.25 mL of 0.2 M sodium phosphate buffer at pH 6.6, and 1.25 mL of 1% potassium ferricyanide were mixed and incubated in a 50 o C water bath for 20 min. Afterwards, 1.25 mL of 10% TCA was added and allowed to react at 4°C for 10 min, followed by centrifugation (Supra 22K; Hanil Science Industrial Co., Seoul, Korea) at 3,000xg for 10 min. The supernatant (2.5 mL) was mixed with 5 mL of distilled water and 0.25 mL of 0.1% ferric chloride, and the absorbance was determined using a spectrophotometer at 700 nm.
The reducing ability was expressed as mg of BHT per g of MS.
Statistical analysis All data represented a mean value and standard deviation (SD) of triplicate measurements. Statistical analyses were performed using the Student's t-test and Duncan's multiple range test functions of SPSS 12.0K (SPSS Inc., Chicago, IL, USA). Significance was defined as p<0.05.
Results and Discussion
Chlorophyll content Chlorophyll and anti-oxidant contents in extracts from WMS, HMS, WMSG, and HMSG are shown in Table 1 . Chlorophyll a and chlorophyll b contents of WMS and WMSG powders were 2.93 and 1.24 µg/mL, and 1.68 and 0.90 µg/mL, respectively. Values for HMS and HMSG powders were not detected due to hulling because WMS was isolated from WM with chlorophyll in the hull. Anti-oxidant activities of mung bean polysaccharides can be attributed to electron donation to free radicals (9) . Chlorophyll a and b contents of WMS were higher than for WMSG. Chlorophyll a and b contents of WMSG and HMSG decreased 43 and 27%, respectively, after gel formation. The chlorophyll structure can be easily oxidized and transformed into pheophytin and pheophobide. Therefore, a heating process changed chlorophyll of WMS into pheophytin and pheophobide.
Total phenolic and flavonoids contents The total phenolic content of WMSG powder was 0.62 mg of gallic acid/g of MS. The total phenolic compound content of WMS at 0.29 mg of gallic acid/g of MS>the HMSG powder content at 0.18 mg of gallic acid/g of MS> the HMS content of 0.11 mg of gallic acid/g of MS were all significantly (p<0.05) greater than the WMSG total phenolic compound content. Total flavonoid contents of WMS, WMSG, HMS, and HMSG were 0.54, 0.53, 0.28, and 0.16 mg of quercetin/g of MS, respectively (Table 1) . Thus, mung bean hulls are a good source of chlorophyll, total phenolic compounds, and total flavonoids. Li et al. (15) reported mung bean soup prepared in boiling water via filtering had anti-oxidant capacities derived from flavonoids, vitexin, and isovitexin, and these flavonoids accounted for most of the total DPPH radical scavenging, ferric reducing, and ABTS reducing scavenging activities in the soup.
Radicals scavenging activities DPPH radical scavenging and ABTs radical scavenging activities of 80% ethanol extracts from MS and MSG powder are shown in Fig. 1 . DPPH radical scavenging activities compared with 0.001% ascorbic acid were: 54.81% for WMSG> 27.01% for WMS>6.79% for HMSG>2.97% for HMS. ABTs radical scavenging activities showed patterns similar to DPPH radical scavenging activities. The ABTs radical scavenging activity of WMSG of 34.85% was higher than the 25.07% value for WMS, but the ABTs radical scavenging activity of HMSG of 9.77% was similar to the 11.26% value for HMS. Lanfer-Marquez et al. (16) reported that pheophytin and pheophobide had higher anti-oxidant activities than chlorophyll.
Reducing power WMS and WMSG had significantly (p<0.05) higher reducing powers than HMS and HMSG. WMSG showed the highest reducing power of 2.01 mg of BHT/g of MS. The value for WMS was 1.81 mg of BHT/g of MS. However, reducing powers of HMS and HMSG were not significantly (p>0.05) different. Mung bean hulls and extracts from different cultivars showed high anti-oxidant activities with high chlorophyll, total phenolic compound, and flavonoid levels, and high radical scavenging activities (6) . Polysaccharide fractions from mung bean hulls after microwave extraction and ultrasonic assisted treatments had high radical scavenging activities for hydroxyls, DPPH, and super oxide radicals, and high reducing powers (14, 17) . Thus, WMS purified from whole seeds without hulling showed higher anti-oxidant activities and radical scavenging activities than HMS. MSG increased phenolic compound contents during gelation, and WMSG contained more phenolic compounds than HMSG. Mung bean hulls are an important anti-oxidant source for improvement of the health functionality of traditional Cheongpomuk. Therefore, Cheongpomuk containing MS can be used as WMS instead of HMS.
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ND indicates not detected. Fig. 1 . Anti-oxidant activities of starches and starch gels purified from whole and hulled mung beans (WMS, WMSG, HMS, and HMSG, respectively) using water (A: DPPH radical scavenging activity, B: ABTs radical scavenging activity, C: reducing power).
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